TO test whether the covalent linkage of simian virus 40 (SV40) A gene DNA sequences might lead to integration of bovine papilloma virus type 1 (BPV-1) DNA sequences, recombinant pBR322 plasmids containing both the transforming region of the BPV-I genome and the SV40 A gene were used for transformation of rodent cells. Plasmids containing both regions transformed with higher efficiency than plasmids containing either region alone. Various clonal cell lines were established and examined with regard to the physical state and the expression of the viral DNA sequences. BPV-1 RNA sequences were detected and the SV40 T-antigen was expressed. The plasmid sequences persisted in all cases in an unintegrated state. In no case was it possible to find evidence for integration of BPV-1 sequences.
Both tissue culture cells transformed by bovine papillomavirus type 1 (BPV-1) and cells in solid tumours that were induced by BPV-1 contain only non-integrated viral genomes (Amtmann et al., 1980; Lancaster, 1981 ; Law et al., 1981 ; Moar et al., 1981 ; Pfister et al., 1981) . In contrast, the DNA of simian virus 40 (SV40) consistently integrates randomly into the DNA of the transformed cells (Sambrook et al., 1968) , but no specific cell or viral integration sites have been detected (Botchan et al., 1976; Ketner & Kelly, 1976) .
In order to study the molecular mechanism determining either the free, episomal state of BPV-1, or the integration of SV40, defined SV40 DNA segments were covalently linked with either the complete BPV-1 genome or with its subgenomic transforming region (BPV69T) . The T-antigen-coding region of SV40 was used to elucidate a putative function of this antigen in the integration of the DNA (Topp et al., 1980) . The experiments were devised such that any integration of BPV-1 DNA sequences mediated by particular regions of the SV40 genome could be detected by Southern blotting. Chimeric BPV vectors containing various genes other than SV40 sequences have been shown to exist as episomes in recipient cells (Di Maio et al., 1982; Kushner et al., 1982; Pavlakis & Hamer, 1983; Sarver et al., 1981; Stenlund et al., 1983; Zinn et al., 1982) .
Here, we report that hybrid genomes consisting of defined SV40 sequences linked either with the complete BPV-1 DNA or BPV69 T persist exclusively as plasmids in transformed clonal cell lines, independently of the expression of SV40 T-antigen.
Three types of plasmids were constructed containing BPV69 T and either the complete early region of SV40 or parts thereof. Plasmid pilL3 contained the transforming regions of both SV40 and BPV-I (Fig. l a) . Another plasmid contained BPV69 T and the temperature-sensitive Tantigen-coding region derived from SV40 tsA30 (Tegtmeyer, 1972) (Fig. 1 b) . Both pilL3 and pilL6 contain the 69% transforming segment of BPV-1 and the complete early region of SV40. However, these sequences were colinear in pilL3, thus permitting a unisense direction of transcription; in pilL6 the sequences were read in different directions. A third plasmid (pSV212) contained the entire BPV genome, the inverted fragment HindlII A (map units 0.986 to 0.324) of SV40, and a truncated tumour antigen-coding region (map units 0.859 to 0.425, encompassing HindlII fragments B and C) of SV40 with all known regulatory sequences (Fig.  lc) . from pBPV by BamHI cleavage and cloning into the single BamHI site of pSV1 (Benoist & Chambon, 1980) , a plasmid containing the large HpalI/BamHI fragment of SV40 (0-73 to 0.15 map units) in pBR322. (b) pilL6 (13.9 kb) resulted from cloning the large BamHI/EcoRI fragment of SV40 tsA30 (0.15 to 0.0 map units) into BamHI/EcoRI-cleaved pBR322; into this plasmid, designated pSVtsA30, BPV69T was ligated after BamHI digestion of both DNAs. (c) pSV212 (16.4 kb) was generated by ligation of the partially HindlII-digested and gel-purified pBPV to the HindIII fragments A, B and C of SV40. ori, SV40 origin of replication. 0 0 CV-1 0 2 * Recombinant plasmid DNA (1 ktg) or 0.1 ~tg of SV40 and BPV-1 DNA linearized with BamHI (SV40) and HindlII (BPV-1) were used for transfection of 106 cells/Petri dish. Calf thymus carrier DNA was added so that in each case the amount of transfecting DNA was 10 ~tg. For mock transfections, 10 ~tg of pBR322 or CV-I DNA was applied. Foci were scored after 14 days.
t Recombinant plasmids were cleaved with Sail and Pvul and gel-purified prior to transfection to remove the inhibitory sequence of pBR322.
Prior to DNA transfection, using the DEAE-dextran method (McCutchan & Pagano, 1968) , the pBR322 moiety was removed by cleavage with PvuI and SalI (which cleave neither BPV-1 nor SV40) and gel electrophoresis.
Both pilL3 and pilL6 (the latter, being ts, was assayed at 37 °C) displayed high transformation efficiency (Table 1) . SV40 form (Fo) III DNA was less efficient, but still superior to pSV212 or BPV-1 Fo III DNA.
Although transformation of mouse C127 cells could be accomplished readily by DNA transfection, Syrian hamster embryo fibroblasts (HEF) responded with less than 1 focus/~tg DNA/106 cells. Therefore, we chose to transform these cells with plasmid-carrying bacterial protoplasts by polyethylene glycol-induced fusion (Rassoulzadegan et al., 1982) . This considerably increased the frequency of transformation, revealing between 25 and 35 foci/106 cells for all the hybrid plasmid constructs. Focus formation and growth in low-serum medium were used as parameters for the identification of transformed cells. To select for this phenotype, 2 × 103 cells were plated per 6 cm Petri dish in medium with a low foetal calf serum (FCS) content. Normal C127 and HEF cells failed to grow under these conditions (C127, 1 ~ FCS; HEF, 5~ FCS). Individual colonies were isolated, plated again and re-cloned twice under selective growth conditions (colony formation at low cell density in low serum). (Krieg et al., 1983) , were cleaved with the indicated restriction enzymes, fractionated on a 1-4% agarose gel, transferred to nitrocellulose filter paper (Southern, 1975) and hybridized to a mixture of 32P-labelled nick-translated (Rigby et al., 1977) SV40 and BPV-1 DNA (1 x l0 s to 2 × 108 c.p.m./jag) as described (Krieg et al., 1981) . Filters were then washed, dried and exposed for 2 weeks to XAR-5 X-ray films (Kodak) with intensifying screens. (a) Mol. wt. (kb) markers; (b to e) DNA from clone 1; (fto i) DNA from clone 2.
All three hybrid plasmids were capable of transforming. Two clones were isolated after transfection with pSV212 which both failed to synthesize SV40 T-antigen, despite displaying the transformed phenotype. This observation is consistent with the fact that only a truncated and disrupted T-antigen-coding region was present in the plasmid. Six clones isolated after transfection with pilL3, and four clones with p i l L 6 all showed the transformed phenotype and contained SV40 T-antigen.
Analysis of the D N A of two clones derived from pSV212-transformed C 127 cells is shown in Fig. 2 . These lines were derived after DEAE-dextran transfection with pSV212 from which the pBR322 sequences had been removed; hence, the transfected plasmid moiety (Fo III) consisted only of 13-3 kb.
Clone 1 contained an extrachromosomal element of 8.7 kb with BPV-1 and SV40 sequences. digested with a no-cut enzyme (for pSV212) (lane c) showed the same migration properties, indicating the episomal state of the 8.7 kb major species. Treatment with BstEII, which cleaves pSV212 within BPV69T, converted the plasmid into Fo III (lane e). KpnI produced two fragments, of 6.5 kb and 2.2 kb (lane d); the two sites of the input plasmid, one in BPV69 T and one in the SV40 HindlII C fragment, were still present. The plasmid, although lacking 4.6 kb, was able to transform C127 cells stably. Hence, the transforming region of BPV-1 (BPV69T) must have been preserved.
In clone 2, a major episomal species of 7-3 kb was found in addition to some minor species. As in clone 1, integrated plasmid D N A was not present. Our method permits the detection of less than one genome equivalent per cell (Krieg et al., 1981) . The total D N A from this clone, either undigested or treated with the no-cut enzyme SstI yielded only Fo I and II of the 7.3 kb plasmid (lanes f and g). Fo III was obtained using the single-cut enzyme B s t E I I (lane i), again demonstrating the episomal state of the plasmid. KpnI, normally cleaving the input plasmid twice, converted the plasmid D N A into Fo III (lane h) rather than generating two fragments. Therefore, one site must have been deleted. The remaining site is localized in the BPV-1 moiety (data not shown) which is responsible for the transformed phenotype.
These two transformed clones have two common features: (i) all DNA sequences with homologies to BPV-1 and SV40 persisted as extrachromosomal elements and (ii) the input plasmids had suffered rearrangements.
Three typical DNA patterns of the six transformed HEF clones which express T-antigen are shown in Fig. 3 . Each clone contained several size classes of plasmids; occasionally, more than 10 different bands were seen apparently as the result of multiple rearrangements. In no case were plasmid species found that were larger than Fo III of the input plasmid, indicating that all DNA molecules with homologies to BPV-1 and SV40 were maintained as plasmids.
Four T-antigen-expressing HEF clones, derived from pHL6-transformed cells, were examined with respect to the physical state of the input DNA. Two of these clones (Fig. 4) contained unintegrated molecules, since cleavage of the cellular DNAs with various restriction enzymes revealed only pilL6 fragments, and no aberrantly sized ones. Furthermore, digestion with the single-cut enzyme BstEII produced only Fo III of the plasmid (lanes d and g) , while BamHI and HindlII (lanes e, f, h and i) produced the original restriction fragments. This plasmid had stably maintained its configuration over more than 20 passages. A third clone contained the unaltered input plasmid, but also some minor rearranged species. Only in the fourth clone had the plasmid undergone multiple rearrangements. All four clones contained the SV40 and the BPV-1 sequences exclusively in an episomal state.
Regarding the replication of the recombinant plasmids, we have found that the presence of prokaryotic sequences in pilL3 and pilL6 inhibiting transformation (Lusky & Botchan, 1981) did not inhibit either transformation of tissue culture cells or plasmid DNA replication after protoplast fusion. Similar results have been obtained with BPV vectors by others (Bin&ruy et al., 1982; Giri et al., 1983) .
The experiments described here revealed that covalent linkage of the (expressed) SV40 A gene to the BPV genome is not sufficient to force the BPV genome (or the transforming region thereof) into the integrated state. All 10 of the transformed clones expressing SV40 T-antigen contained free BPV-SV40 hybrid plasmids regardless of whether C127 or HEF cells were examined. Hence, we would like to conclude that the mechanism maintaining these plasmids in an extrachromosomal state dominates those mechanisms leading to integration. We have found integration of SV40 DNA sequences derived from pSV212 in one rather interesting transformed clonal line in which the SV40 sequences were segregated away from pSV212, leaving the BPV moiety with little if any SV40 DNA in an episomal state. The HindIII C fragment and probably also the HindIII B fragment of SV40 were integrated into the cellular DNA. This shows that the episomal and the integrated state of the viral DNA moieties can be divorced.
The intriguing question of whether the transformed phenotype was brought about by the SV40 or by the BPV-1 moiety of the plasmids can perhaps be answered by a comparison of the data in Table 1 . While the efficiency of transformation with either BPV-1 or pSV212 was comparable, SV40 displayed a slightly higher efficiency. However, both pilL3 and pilL6 revealed consistently higher numbers of transformed colonies per ~tg of DNA. In fact, the data suggest an additive effect in the recombinants. Such mutual participation in the transformation process is supported by two observations: all pilL3-and pHL6-transformed clones displayed SV40 T-antigen and, in all clones, the presence of BPV-l-specific RNA sequences was detected by 'dot-blots' (data not shown). It should be added that, as expected, BPV-l-specific RNA sequences were also present in the pSV212-transformed clones.
